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Trends	with	the	stellar	mass	(0.2-2.0Msun)	
								Johnson	et	al.	2010	
	
Bowler	et	al.	2010	
plot	by	Ribas	et	al.	2015	
-  Giant	planets	are	more	frequently	found		
-  There	is	a	lack	of	close-in	giants	
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Diﬀerent	giant	planets	
à	Diﬀerent	planetary	system	architectures	
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Possible	origins	of	diﬀerent	planetary	
architectures:	
•  Diﬀerent	dispersal	4mescale		
– dispersal	halts	planet	forma4on	and	migra4on	
•  Diﬀerent	temperature	evolu4on		
– stability,	minimum	core	mass,	metalicity	
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How	do	the	gas	density	and	temperature	
evolve	in	the	midplane	of	discs	around	
intermediate-mass	stars?	
Herbig	Ae	discs	–	observa4onal	classiﬁca4on		
	
Group	I	–	ﬂared		
Group	II	–	ﬂat	
Meeus	et	al.	2001	
	
The	dichotomy	is	recently	challenged		
(Maaskant	et	al.	2013,	Menu	at	al.	2015)	
	
	
	illustra4on	from	Dullemond	&	Dominik	2005	
Higher	T	 Lower	T	
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Disc	temperature	structure	–	irradia4ve	hea4ng	
Stellar	irradia4on	
Dust	absorbs	and	re-radiates	starlight	
We	obtain	a	Tmid	
We	start	by	assuming	a	disc	structure		
(incl.	scale	height	for	each	grain	size)	
and	obtain	the	temperature...	
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Disc	temperature	structure	–	irradia4ve	hea4ng	
Stellar	irradia4on	
Dust	absorbs	starlight	and	re-radiates	it	
We	obtain	a	new	Tmid	
A	new	Tmid	implies	a	diﬀerent	ver4cal	
structure!		
Repeat	un4l	the	solu4on	is	fully	self	
consistent:	Tmid(assumed)=Tmid(calculated)	
-  MC	Max;	Min	et	al.	2009	
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The	ﬁducial	model:	
	
•  A	type	star,	Teﬀ=10000K,	Mstar=2Msun	
•  Disc	from	Rin=0.24AU	to	Rout=500AU	
•  Dust	popula4on	from	amin=0.01um	to	amax=1mm,	slope	
-3.5	
•  Surface	density	distribu4on	slope	pow=-1	
•  Mgas=0.01Mstar,	Mdust=0.01Mgas	
We	vary	disc	proper4es:	Mgas,	Mdust,	amin,	amax,	pow,	Rin	
																																																		
We	ﬁx	the	stellar	proper4es	(assume	that	tdisc<	tpre	main	sequence)	
Also	varied	in	tandem	
How	does	the	disc	evolu4on	aﬀect	the	
midplane?		
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How	does	the	disc	evolu4on	aﬀect	the	
midplane?		
Result:	
Mgas	and	amin	are	crucial	for	irradia4ve	hea4ng		
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Loss	of	gas	(photoevapora4on)	sejles	discs	
-	a	new	alterna4ve	to	the	grain	growth	paradigm	
Gas	evolu4on,		
Panic	&	Min	(subm.)	
Dust	evolu4on,		
Dullemond	&	Dominik	2004	
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Gas	loss	changes	the	temperature	and	
composi4on	of	the	midplane	
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Removing	the	
smallest	dust	
Adding	larger	dust	
Temperature	dependence	on	dust	size	
-T	decreases	as	the	smallest	grains	are	removed		
(e.g.	in	photoevapora4ve	ﬂows)	
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Removing	the	
smallest	dust	
Adding	larger	dust		
Temperature	dependence	on	dust	size	
-T	is	not	aﬀected	as	the	large	grains	grow		
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What	if	discs	live	5-10Myr?	The	star	changes...		
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Intermediate-mass	stars	
become	brighter	and	hojer	
during	p.m.s.	
	
We	follow	a	2Msun	star	along	
the	p.m.s.	and	self	consistently	
calculate	dust	sejling	and	
hea4ng	of	the	disc	(disc	
proper4es	ﬁxed)	
	
	
	
van	Boekel	et	al.	(2005)	
-	tracks	from	Siess	et	al.	2000	
How	does	the	stellar	evolu4on	aﬀect	the	disc	midplane?	
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Throughout	the	p.m.s.	the	intermediate	mass	stars	
keep	their	discs	warm	
full	lines:	Mdisc=1%Mstar	
dashed:			Mdisc=0.1%Mstar	
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What	have	we	learnt?	
•  Herbig	Ae	discs	oﬀer	a	great	opportunity	to	
understand	giant	exoplanets	
•  Sejling:	Gas	loss	is	a	new	alterna4ve	to	dust	growth	
•  Giant	planets	around	intermediate	mass	stars	have	
formed	of	warmer	and	CO-richer	gas	than	those	
around	low-mass	stars	
The	Future:	
	
We	recently	obtained	ALMA	observa4ons	
of	9	Herbig	Ae	discs	in	Cycle3	(Band	6,	
C18O,	high	sensi4vity,	project	50%	
complete).	
	
See	talk	by	Boneberg	for	an	example	how	
gas	masses	are	constrained	from	such	
observa4ons.	
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